
K
o
n
in
k
lijk

N
e
d
e
rla

n
d
s
M
e
te
o
ro

lo
g
is
c
h
In

s
t itu

u
t

Validation of the OMI O2�O2 
loud
produ
t with MODIS in the �A� train
Maarten Sneep*, Pepijn Veefkind, Johan de Haan and Piet Stammes
Cloud 
orre
tion is an important step in the retrieval of tra
e gases. For OMI this
orre
tion 
an be based on 
loud properties provided by the OMI O2 �O2 
loudprodu
t. Validation results of the OMI O2 �O2 
loud produ
t using MODIS/AquaColle
tion 005 data are presented here.
1. The �A� train

Figure A. The satellites in the �A� train.2. Co-lo
ating OMI and MODIS

Figure B.Co-lo
ation of OMI andMODISmeasurements. The dots indi
atethe 
entres of the 1 � 1 km2 MODIS 
loud opti
al thi
kness pixels, thesquares the 
entres of the 5�5 km2 MODIS 
loud pressure pixels. The linesshow the boundaries of the OMI pixels.
3. The e�e
tive 
loud fra
tionThe 
loud fra
tion as retrieved by the OMI O2 �O2algorithm is an e�e
tive 
loud fra
tion 
e�, whi
his a dire
t measure for the e�e
t of 
louds onshort wave radiation. The MODIS 
loud fra
tion,however, is measured in the infra-red, and repre-sents a geometri
 
loud fra
tion. We therefore usethe MODIS 
loud opti
al thi
kness τ
 (at 650 nm)to obtain the 
loud re�e
tan
e, using a radiativetransfer model, and from that the e�e
tive 
loudfra
tion. All 
louds are treated as water 
louds inthis 
onversion:
e� = R(τ
 ; θ0, θ,φ - φ0)/0.8
The fa
tor 0.8 is the albedo of the Lambertian sur-fa
e used to represent 
louds in the OMI O2 �O2
loud retrieval model. Experien
e with the Fres
oO2 A-band 
loud algorithm for gome has shownthat this gives appropriate values for 
loud 
orre
-tion in tra
e gas retrievals.
4. The 
loud pressureThe OMI O2 �O2 
loud retrieval algorithm usesthe depth of the 
ollision indu
ed absorption byoxygen at 477 nm to retrieve the 
loud pressure.This is the strongest O2 absorption band in theOMI wavelength range. MODIS and meteorologi-
al satellites on the other hand use thermal infra-red radian
es to determine the 
loud top height.These are mu
h more sensitive to thin i
e 
louds,and in general retrieve a mu
h lower 
loud pres-sure than visible spe
tros
opi
 measurements; forgome an average di�eren
e of 50 hPa to 100 hPabetween infra-red and visible retrievals is found.

Table 1. Di�eren
es in 
e� and p
 (OMI � MODIS)
e� di�eren
e °.°± p
 di�eren
e, 
e� > °.°µ ¹¶ hPaSpread (±σ) °.±² Spread (±σ) ²±º hPaCorrelation 
oe�
ient º²% Correlation 
oe�
ient µ¶%p
 di�eren
e, 
e� > °.² ±¶µ hPa p
 di�eren
e, 
e� > °.µ ²³· hPaSpread (±σ) ±·± hPa Spread (±σ) ±´² hPaCorrelation 
oe�
ient ·±% Correlation 
oe�
ient ·¶%5. Distribution of di�eren
es
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Figure C. Histogram of the di�eren
es in the e�e
tive 
loud fra
tion andthe 
loud pressure. Pixels with an OMI 
e� < 0.05 were removed from the
loud pressure 
omparison.
6. S
atter density plots

Scatter density plot (log colour scale)
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Scatter density plot (log colour scale)
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1 2Figure D. S
atter density plots of the OMI and the MODIS measurements.1: the e�e
tive 
loud fra
tion. Cloud-free pixels were removed from this plot.2: the 
loud pressure. Pixels with an OMI 
e� < 0.25 were removed fromthe 
omparison. Both plots use a logarithmi
 
olour s
ale.There is no 
lear dependen
e of the di�eren
e inthe 
loud pressure on the latitude, see �gure E.1.
For low 
loud fra
tions the MODIS data seemsto be 
ontaminated by ground surfa
e radiation,while for high 
loud fra
tions the 
loud pressureretrieved by MODIS is lower than the OMI O2 �O2
loud pressure, as expe
ted. This is illustrated in�gure E.2.
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1 2Figure E. 1: The di�eren
e in the 
loud pressure as a fun
tion of the latitude.2: The di�eren
e in the 
loud pressure as a fun
tion of the OMI e�e
tive
loud fra
tion. Both plots use a logarithmi
 
olour s
ale.
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1 2Figure F. 1: Histogram of the e�e
tive 
loud fra
tions. 2: Histogram of the
loud pressures.

7. Geographi
al distribution ofdi�eren
es

Figure G. The OMI e�e
tive 
loud fra
tion.

Figure H. Plot of the di�eren
es in the 
loud fra
tion (OMI � MODIS).

Figure I. The OMI 
loud pressure in hPa, for pixels with 
e� > 0.05.

Figure J. Plot of the di�eren
es in the 
loud pressure in hPa (OMI �MODIS), for pixels with 
e� > 0.05.
8. Con
lusionThe availability of MODIS on the �A� train providesa useful data-sour
e for the validation of the OMIO2 �O2 
loud fra
tion. The 
loud e�e
tive fra
tionagrees well with our expe
tations: it is a radiativemeasure of the 
louds in the s
ene.
The O2 �O2 
loud pressure is harder to validateusing MODIS data, be
ause of the di�erent re-trieval wavelength regimes. This di�eren
e makesthe MODIS 
loud pressure mu
h more sensitive tothin i
e 
louds than OMI measurements. Valida-tion of the 
loud pressure will have to be extendedwith ground measurements and Cloudsat/Calipsoinstruments.
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